Data on the management of perioperative airway and ventilatory support in children undergoing craniofacial surgery are limited. The purpose of this study was to review the authors' experience with airway management and ventilatory support during the perioperative period in children undergoing craniofacial surgery. Ninety-five consecutive children underwent 99 craniofacial procedures from July 1, 1999, through June 30, 2002. Direct laryngoscopy was successfully used to establish an airway in 86 (86.8%) cases, whereas 13 (13.1%) cases required the use of fiberoptic bronchoscopy to establish an airway before surgery. The oral route was used in 82 (83%) cases, and the nasal route was used in 17 (17%) cases. Length of anesthesia was 330 ± 160 minutes, and the actual surgical time was 246 ± 151 minutes. The volume of crystalloids infused during surgery was 87 ± 78 mL/kg body weight (BW), and the volume of packed red blood cells infused during surgery was 10 ± 14 mL/kg BW (range, 0-60 mL/kg BW). Tracheal extubation was successfully accomplished in the postanesthesia recovery unit (PACU) in 57 (58%) patients, whereas 42 patients were admitted to the pediatric intensive care unit (PICU) and received mechanical ventilation for 10 ± 9 hours (range, 1-60 hours). Of these, 37 (37%) were extubated in the PICU, whereas 5 patients were extubated in the operating room with the craniofacial surgeon in attendance in the event an emergency tracheostomy was needed. However, none of these patients required tracheostomy to maintain a secure airway. Three patients required reintubation after the first attempt at tracheal extubation in the PICU. All three of those patients subsequently were extubated without the need for tracheostomy. The length of tracheal intubation and mechanical ventilation was longer (24 ± 13 hours versus 8.6 ± 7 hours, P < 0.001) in patients who required bronchoscopic intubation than in those who were intubated using direct laryngoscopy. The length of hospital stay, although clinically relevant, did not reach statistical significance between the two groups (5 ± 7 days versus 3.7 ± 2.7 days, P = 0.5). A positive correlation was observed between the duration of tracheal intubation and mechanical ventilation and the following perioperative factors: anesthesia time (rho = 0.6, P < 0.01), surgical time (rho = 0.55, P < 0.01), volume of crystalloids (rho = 0.5, P < 0.01), and the volume of packed red blood cells infused (rho = 0.55, P < 0.01) during surgery. No episodes of cardiorespiratory arrest or death occurred in any of the patients. This study demonstrates that when performing complex craniofacial procedures in children, a thorough evaluation of the airway before surgery and continuous communication between specialists during the perioperative period is imperative for a successful outcome. Furthermore, most pediatric patients who require mechanical ventilation during the postoperative period do so for a short period of time following surgery.
C
hildren with congenital or acquired craniofacial abnormalities often undergo complex surgical procedures in an effort to correct anatomic deformities and improve the various physiologic derangements that result from underlying bony and soft tissue defects. [1] [2] [3] These abnormalities predispose children to airway obstruction, increased work of breathing, and obstructive sleep apnea. [2] [3] [4] The risk of airway complications in these children may increase during the perioperative period. 4 A successful outcome from craniofacial surgery in such cases depends on the surgeons' skill and expertise, the patients' age, presence of co-morbid factors, physical condition, and the quality of perioperative care. 4 Establishment and maintenance of a secure airway in the perioperative period is a challenging task in children with major disturbances of the craniofacial anatomy. 4, 5 Constant vigilance and timely interventions during the perioperative period are essential in avoiding morbidity and mortality related to airway complications. 4, 5 A high degree of coordination and communication between the various specialists involved in the care of these patients is necessary. At our institution, perioperative airway management and ventilatory support are coordinated among the craniofacial surgeon, the anesthesiologist, and the pediatric intensivist.
Data on the management of the perioperative airway and ventilatory support of children undergoing craniofacial surgery are limited. 2 The purpose of this study was to review our experience with airway management and ventilatory support in the perioperative period in children undergoing craniofacial surgery. Our objectives were to (1) describe the frequency and type of procedures used in establishing a secure airway, including the need for tracheostomy, and (2) describe outcomes in the perioperative period pertaining to the management of ventilatory support in these pediatric patients.
MATERIALS AND METHODS
T he hospital's Institutional Review Board approved the study. All patients undergoing craniofacial surgery between July 1, 1999, and June 30, 2002, were consecutively enrolled in the study. Children with cleft lip and/or cleft palate without other craniofacial anomalies were excluded.
General anesthesia was induced with a mixture of nitrous oxide (66%) in oxygen and increasing concentration of sevoflurane. The initial establishment of a secure airway was accomplished using direct laryngoscopy or flexible fiberoptic bronchoscopy (Olympus Corp of America, New Hyde Park, NY), followed by tracheal intubation via the oral or nasal route. Each of these techniques has been described previously. 6 The endotracheal tubes (ETT) used were primarily reinforced (armored) ETTs (Mallinckrodt Medical Inc., St. Louis, MO). If initial attempts at visualizing the larynx using direct laryngoscopy failed, fiberoptic bronchoscopy was used for the initial attempt at tracheal intubation. A cuffed ETT was used in patients whose larynx was large enough to accommodate a tube 6 mm or larger in internal diameter. Fixation of the ETT was accomplished by taping the tube to the skin and then placing a suture through the tape, skin, and around the tube. This ensures maximum stabilization and eliminates the possibility of inadvertent extubation. An oral ETT was sutured to the anterior aspect of the chin (Fig 1) , whereas a nasal ETT was sutured to the nasal septum to prevent dislodgement. Preparations for an urgent surgical airway were in place for all patients if needed in establishing or maintaining a secure airway before, during, or after corrective surgery. Ongoing communication between the craniofacial surgeon, the anesthesiologist, and the pediatric intensivist about the status of the airway was maintained during the perioperative period. After the surgical procedure, attempts at tracheal extubation were initiated in the postanesthesia recovery unit (PACU) when the patient was awake and able to maintain adequate ventilation and oxygenation based on clinical examination and evaluation of arterial blood gases. In the event patients were not ready for extubation, they were admitted to the pediatric intensive care unit (PICU), and conventional ventilatory support was maintained until their clinical, ventilatory, and laboratory parameters were ideal for liberation from mechanical ventilation and tracheal extubation.
A Cook airway exchange catheter with a RAPI-FIT adapter (Cook Critical Care, Bloomington, IN) was routinely used to facilitate tracheal extubation. Before extubation, an appropriate size airway exchange catheter was inserted into the trachea through the ETT. The patient was then extubated with the airway exchange catheter still in the trachea. In cases of airway obstruction or respiratory insufficiency after tracheal extubation, a new ETT was inserted over the airway exchange catheter into the trachea to re-establish a secure airway.
The medical records were reviewed and the following descriptive variables were collected and evaluated: age, gender, weight, and craniofacial diagnosis. Other data collected included type of surgical procedure, route and technique of establishing the initial airway, length of anesthesia and of the surgical procedure, volumes of crystalloids, packed red blood cells or other blood products administered during surgery, and all complications experienced during the perioperative period.
Duration of tracheal intubation and location of tracheal extubation (PACU versus PICU) were documented. The presence of tracheostomy before surgery or the need for emergency tracheostomy in the perioperative period were recorded. Additional data collected included use of steroids, antibiotics, length of stay in the pediatric unit, and total length of hospital stay, and readmission within 1 month after surgery.
Statistical Analysis
Values are presented as mean ± standard deviation (SD). The 2 analysis was used for categorical data and the Mann-Whitney U test and the Spearman's correlation analysis for continuous data. Statistical significance was assumed when P was < 0.05.
RESULTS

N
inety-five children underwent 99 procedures during the study period. The demographics and perioperative factors are shown in Table 1 . Of the 95 patients, 42 (44.2%) were male and 53 (55.7%) were female. There were 22 different craniofacial pathologies subdivided into seven diagnostic categories based on the location and features of the major anatomic abnormalities; they are reported in Table 2 . The operative procedures were classified into eight categories and are presented in Figure 2 . Most patients underwent a combination of one or more surgical reconstructions, reflecting the complexity of the underlying craniofacial deformities.
Direct laryngoscopy was the predominant method of establishing the initial airway. This procedure was successfully performed in 86 (86.8%) cases, whereas fiberoptic bronchoscopy was necessary to establish a secure airway in 10 patients. These 10 patients underwent 13 (13.1%) craniofacial procedures during the period of the study. The demographics, craniofacial diagnoses, and the surgical procedures for these 10 patients are listed in Table 3 . Patient 3 underwent three procedures for resection of hemangioma of the tongue; and patient 10 underwent two procedures for resection of neurofibrosarcoma of the face and neck during the study period. The oral route was used in 82 (82.8%) cases, whereas the nasal route was used in 17 (17%) cases. No episodes of dislodgement, obstruction, or damage to the ETT occurred during surgery.
Tracheal extubation was successfully completed in the PACU in 57 (58%) patients. Forty-two patients were admitted to the PICU and received conventional mechanical ventilation for 10 ± 9 hours (range, 0-60 hours). Of the 42 patients admitted to the PICU, 37 (37%) were extubated in the PICU, whereas five (5%) patients were brought back to the operating room for tracheal extubation with the craniofacial surgeon in attendance in case an emergency tracheostomy was needed. However none of these patients required such an intervention.
Only three patients required reintubation after tracheal extubation and liberation from mechanical ventilation. All of these "failed extubations" occurred in the PICU. The characteristics of these patients are presented in Table 4 . 
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None of the patients required emergency tracheostomy to establish or maintain a secure airway either before surgery or intraoperatively. Two patients with Pierre Robin syndrome had elective tracheostomies for obstructive sleep apnea before the craniofacial procedure.
The length of intubation and mechanical ventilation was significantly greater in patients who required bronchoscopy for initial intubation compared with those who were intubated using direct laryngoscopy (24 ± 13 hours versus 8.6 ± 7 hours, P < 0.001). The length of hospital stay, although clinically relevant, did not reach statistical significance between the two groups (5 ± 7 days versus 3.7 ± 2.7 days, P = 0.5). The length of hospital stay for the entire cohort was 3.9 ± 3.4 days (range, 1-25 days). Two patients experienced persistent cerebrospinal fluid leaks after surgery and required a prolonged hospital stay of 17 and 25 days, respectively. Table 5 reports the perioperative factors that correlated positively with the duration of tracheal intubation and mechanical ventilation in the study. There were no episodes of cardiac, respiratory arrest, or death, and no patient was readmitted to the hospital within 1 month after discharge.
DISCUSSION
T his study demonstrates that it is possible to perform surgery in infants and children with craniofacial deformities without the need for tracheostomy, provided that a thorough airway evaluation is conducted before surgery. The study also demonstrates that most of these patients require conventional mechanical ventilation for a short period of time after surgery.
Historically, the most significant morbidity after craniofacial surgery has been related to airway management. 7 It is imperative that communication between the specialists involved is maintained throughout the perioperative period. Although the type and number of different specialists involved varies from one institution to another, 2 perioperative airway management is usually coordinated among the craniofacial surgeon, the anesthesiologist, and the pediatric intensivist. Although each specialist has his/her own area of expertise, open communication among specialists, extensive preoperative discussion, and contingency planning for unexpected complications is the mainstay of treatment in our institution. These include algorithms detailing alternatives for airway management at the time of induction of anesthesia, during surgery, and in the postoperative period. The pediatric intensivist communicates with the anesthesiologist about the status of the airway at the time of tracheal intubation, the methods and maneuvers that were necessary in establishing a secure airway, and any unanticipated airway abnormalities. This provides the intensivist with detailed information about potential problems that may be expected at the time of tracheal extubation while the patients is in the PICU. Preanesthetic recognition of a pediatric patient with a potentially difficult airway is essential. 7, 8 At our institution, all children undergoing craniofacial surgery are evaluated preoperatively by the anesthesiologist and the pediatric intensivist with emphasis on airway evaluation and cardiorespiratory abnormalities. Children with a limited range of neck motion, decreased capacity to open the mouth, and those with a high arched palate such that the facial pillars and a uvula are not clearly seen are likely to have a difficult airway. 9 During the induction phase of anesthesia these children are allowed to breath spontaneously until a secure airway is established.
This may be accomplished with conscious intubation in children who are old enough to understand the necessity of this approach. In younger children, light anesthesia while maintaining spontaneous respirations may be used in attempting to visualize the larynx with either a laryngoscope or a fiberoptic bronchoscope. 6 Once it is certain that the larynx can be visualized, deeper levels of anesthesia or neuromuscular blockers may be administered to facilitate tracheal intubation. 6 Although historically there were clinical situations in which tracheostomy was the ideal choice for children undergoing complex craniofacial surgery, 10 the advent of fiberoptic bronchoscopy has significantly diminished this practice. This trend is supported in the current study. In our cohort, none of the patients required an emergency tracheostomy to establish or maintain an airway perioperatively. Two (2%) patients with Pierre Robin syndrome had a tracheostomy in place before surgery for obstructive sleep apnea. This is in contrast to a previous study by Crysdale et al, 2 which reported as many as 18% of patients required a tracheostomy to maintain an airway during the perioperative period.
Fiberoptic bronchoscopy 6 should be considered early in the decision-making process for airway establishment in infants and children undergoing cra- niofacial surgery when anatomic and functional difficulties are anticipated. This procedure should not be delayed until all other methods of visualizing the larynx have failed. The presence of blood and secretions in an already difficult airway may make visualization with a fiberoptic bronchoscope extremely difficult. 6 In the current study, this procedure was necessary in establishing an airway in 13 patients. All of these patients had clinical diagnoses that have been associated with a high risk of requiring tracheostomy in previous studies. 5 After the airway is secured with an endotracheal tube (ETT), constant surveillance is required to assure that the ETT is not dislodged or obstructed. The proximal end of the tube should be stabilized with judicious use of tape, and a suture should be passed through the tape and onto a steady facial structure. The craniofacial surgeon may suture an oral ETT to the anterior aspect of the chin (Fig 2) and a nasal ETT to the nasal septum to avoid dislodgement. Placing a roll under the patient's shoulders to maintain the head in extension is helpful in countering the surgeon's tendency toward head flexion during surgical manipulation. Significant flexion of the head may advance the tube distally and lead to right bronchial intubation. 6 During surgery, the surgeon may unintentionally kink the ETT or cut the pilot tube or the ETT itself. This is more likely during maxillary corrective surgery, when the maxilla is separated from the rest of the face and is pulled forward. 2 In the current study, there were no episodes of ETT dislodgement, obstruction, or damage.
During the postoperative period after craniofacial surgery, patients require close monitoring, skilled nursing care, and the immediate availability of a professional skilled in airway management and resuscitation. These children are best cared for in a PICU with personnel experienced in the care of patients after complex pediatric craniofacial surgery and artificial airway management.
Patients with intermaxillary wire fixation should always have wire cutters available at the bedside for emergency access to the airway when necessary. 2, 7 If an artificial airway becomes loose, it should be secured immediately with tape and sutures. Infants and young children should always have restraints placed on their arms to avoid accidental dislodgement of the artificial airway. Regular suctioning on an hourly basis, or more frequently when indicated, should be performed to assure airway patency.
In our institution, patients with an artificial airway at the time of admission to the PICU receive positive pressure ventilation until they are awake enough to maintain adequate spontaneous minute ventilation for age. At that point, we gradually wean the ventilatory rate if the oxyhemoglobin saturation (SpO 2 ) is greater than 93% and the end-tidal carbon dioxide tension (EtCO 2 ) is less than 50 mm Hg.
The weaning process is continued until the patient is not receiving any positive pressure breaths from the ventilator but is receiving continuous positive airway pressure (CPAP) of 5 cm H 2 O and a level of pressure support (PS) that is appropriate for the size of the endotracheal or the tracheostomy tube. At this point, children are liberated from mechanical ventilation, and their trachea is extubated if the arterial blood gases are satisfactory and they meet the following criteria:
1. The patient is able to generate adequate minute ventilation on CPAP of 5 cm H 2 O with appropriate levels of PS. 2. Absence of instability in the cardiovascular system. 3. Presence of good cough during tracheal suctioning and minimal secretions.
Other criteria include absence of significant bleeding, ability of the child to follow commands (if age appropriate), and the presence of audible air leak around the ETT at a positive pressure of 20 cm H 2 O. We routinely administer intravenous dexamethasone (1 mg/kg/day) to infants for airway edema. The first dose is given on admission to the PICU. This is continued every 6 hours until the patient is extubated.
When airway complications are anticipated, an attempt at extubation is undertaken in the operating room with the craniofacial surgeon present in the event an emergency tracheostomy becomes necessary. In our cohort, none of the patients required emergency tracheostomy after extubation. Two patients with Pierre Robin syndrome with elective tracheostomies were liberated from mechanical ventila- tion within 24 hours and discharged home within 48 hours of surgery. Previous studies have reported patients undergoing craniofacial surgery require maintenance of an artificial airway for 3 to 5 days after surgery. 2 Our experience demonstrates that most patients can be safely extubated within 24 hours after surgery. It is our belief that early extubation enhances pulmonary toilet and decreases the risk of atelectasis and pneumonia. 11 In the current study, the length of tracheal intubation and mechanical ventilation correlates positively with the length of anesthesia and surgery. The functional residual capacity (FRC) is the lung volume that is critical for oxygenation. It has been recognized that the FRC decreases during anesthesia, 12 consequently decreasing lung compliance. We surmise that this pathophysiologic event might explain the association between the length of anesthesia and the duration of mechanical ventilation in these patients. 13 There was a positive correlation between the volume of crystalloids and the volume of packed red blood cells infused during surgery and the duration of mechanical ventilation and tracheal intubation in these patients. This is consistent with previous studies demonstrating that after trauma and blood loss, patients experienced an increase in fluid accumulation in the interstitial space as great as 50%.
14 Accumulation of fluid in the interstitium of the lungs is likely to lead to a reduction in the FRC, with subsequent need for positive pressure ventilation.
Certain limitations in this study should be noted. First, it includes a small number of patients from a single institution; second, there were no uniform clinical criteria for grading airway obstruction in children who underwent craniofacial surgery. Variability in the expression within each syndrome and the small number of children with syndrome that are associated with the most severe form of airway obstruction are additional limitations. These factors may introduce bias into our results and limit the applicability of these results to other clinical settings.
However, what appears evident is that airway management in pediatric patients undergoing complex craniofacial surgery is best accomplished by a multidisciplinary team, which includes a craniofacial surgeon, an anesthesiologist, and a pediatric intensivist. In some institutions an otolaryngologist may be involved for surgical management of the airway. Direct and frequent communication among these specialists is essential for optimal management and avoidance of the morbidity and mortality often associated with airway complications.
